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The invention provides a process for improving the conversion of a hydrocarbon feedstock to light olefins comprising the steps of first 
contacting the hydrocarbon feedstock with a light olefin producing cracking catalyst and subsequently thermally cracking the unseparated 
stream to produce additional ethylene. Preferably the zeolite catalyst is selected from the group consisting of ferrierite, heulandite, phillipsite, 
faujasite, chabazite, erionite, mordenite, offretite, gmelinite, analcite, ZSM-5, ZSM-11, ZSM-25, gallium silicate zeolite, zeolite Beta, 
zeolite rho, ZK5, titanosilicate, zeolites having a silica to alumina molar ratio within the range of about 2.0:1 to 2000:1 ferrosilicate; 
zeolites such as those described in U.S. Pat No. 4,238,318; borosilicate zeolites such as those described in Belgian Pat. No. 859656; 
zeolites designated by the Linde Division of Union Carbide by the letters of X, Y, A, L; zeolites such as those described in U.S. Patent 
No. 5,552,035; and zeolites such as those described in U.S. Patent No. 5,348,924. Preferably the catalyst is contacted at a temperature 
within the range of about 500 °C to about 750 °C and the feedstock flows at a weight hourly space velocity in the range of about 0.1 HH 
WHSV to about 100 Hr 1 WHSV. The trim thermal cracking is carried out between 650 °C to 900 °C for 0.1 to 20 seconds. 
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SEQUENTIAL CATALYTIC AND THERMAL CRACKING FOR ENHANCED 

ETHYLENE YIELD 

Field of the Invention 

The invention provides a process for increasing yield of ethylene in a 
5 catalytic cracking process by use of a thermal cracking step after catalytic 
cracking. 

Background of the Invention 

Thermal and catalytic conversion of hydrocarbons to olefins is an 
important industrial process producing billions of pounds of olefins each year. 
10 Because of the large volume of production, small improvements in operating 
efficiency translate into significant profits. Catalysts play an important role in 
more selective conversion of hydrocarbons to olefins. 

Particularly important catalysts are found among the natural and 
synthetic zeolites. Zeolites are complex crystalline aluminosilicates which 

15 form a network of AI0 4 and Si0 4 tetrahedra linked by shared oxygen atoms. 
The negative charge of the tetrahedra is balanced by the inclusion of protons 
or cations such as alkali or alkaline earth metal ions. The interstitial spaces or 
channels formed by the crystalline network enable zeolites to be used as 
molecular sieves in separation processes. The ability of zeolites to adsorb 

20 materials also enables them to be used in catalysis. There are a large 
number of both natural and synthetic zeolitic structures. The wide breadth of 
such numbers may be understood by considering the work "Atlas of Zeolite 
Structure Types" by W. M. Meier, D. H. Olson and C. Baerlocher (4th ed„ 
Butterworths/lntl. Zeolite Assoc. [1996]). Catalysts containing zeolites have 

25 been found to be active in cracking light naphtha to ethylene and propylene, 
the prime olefins. 
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Of particular interest are the acidified zeolites effective for conversion 
of light hydrocarbons such as low boiling naphthas to the prime olefins. 
Typical catalysts include ZSM-5 zeolite described and claimed in U.S. Pat. 
No. 3,702,886, and ZSM-11 described in U.S. Pat. No. 3,709,979, and the 
numerous variations on these catalysts disclosed and claimed in later 
patents. 

Previous uses of multiple reaction or temperature zones in prime olefin 
production have used hydrocracking or hydrogenolysis to produce ethane and 
propane with little production of prime olefins in the first stages. Franck et al., 
U.S. Patent No. 4,137,147 used multiple hydrogenolysis stages to which each 
stage operated at 5°C to 25°C higher than the preceding stage. The light 
hydrocarbons up to C 3 in the effluent from the hydrogenolysis stages were 
then steam cracked to prime olefins, while the C 4 + production was separated 
and at least part of it sent to further hydrogenolysis for additional ethane and 
propane production. The steam cracking unit was supplied a fraction 
consisting essentially of ethane and propane for conversion to ethylene. 
Lionetti et al, U.S. Patent No. 4,388,175, discloses a two stage system for 
production of aromatics from heavy oil. The second stage is operated at a 
higher temperature than the first to produce light naphtha, gasoline and 
needle coke. There was no indication of any application to prime olefins 
production. Tabak, U.S. Patent No. 4,487,985 and its divisional U.S. Patent 
No. 4,560,536 teaches oligomerization of lower olefins in a multistage series 
of reactors wherein catalyst partially inactivated in the primary stage is 
employed at a higher temperature in a secondary stage prior to catalyst 
regeneration. In European patent application 0 023 802 a hydrocracking step 
produces C 2 to C 5 alkanes from which prime olefins are produced by 
downstream thermal cracking at a higher temperature. GB 2,105,362 
teaches a two stage thermal cracking process in a catalyst free system 
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wherein the first reaction zone heats the steam/feedstock from 800°C to 
1000°C and then passes the feedstock to a second catalyst free zone where 
it is heated from 850°C to 1150°C. Mauleon et al„ U.S. Patent Nos. 
5,506,365 and 5,264,115, teach a multiple zone process wherein hot catalyst 
is used in a mild steam thermal cracking process and reacted further 
downstream with additional catalyst at a lower temperature in a process 
aimed at gasoline production. 

European Patent Application 0 262 049 teaches steam cracking of 
hydrocarbons (propane is exemplified) followed by contact with a multi- 
component zeolite-containing catalyst. The thermal cracking unit is operated 
at a higher temperature than the downstream catalytic cracker. Adams, U.S. 
Patent No. 3,360,587, also teaches a steam cracking step followed by a 
catalytic cracker, again the catalytic cracker is at a lower temperature than the 
upstream thermal cracker. In European patent application 0 023 802 a 
catalytic (hydrocracking) reaction stage produces mainly C 2 to C 5 paraffins 
which are subsequently fed to an optional higher temperature thermal 
cracking unit for conversion to prime olefins. Published PCT application WO 
95/13255 describes an integrated system wherein a light fraction is separated 
from the effluent of a deep catalytic cracking unit running on a relatively heavy 
oil fraction and recycled to a thermal cracking unit to produce prime olefins. 
Published PCT application WO 86/02376 discloses heavy oil cracking 
including a pre-pyrolysis cracking step followed by separation of an overhead 
stream that is thermally cracked for prime olefin production. Burich, U.S. 
Patent No. 3,702,292, discloses an integrated refinery apparatus wherein 
various streams are separated and fed to both a hydrocracking unit and a 
thermal cracking unit. Derwent WPI Accession No. 88-053890/08 for 
Japanese patent 60235890 discloses thermal cracking of hydrocarbons in a 
two stage system. Derwent WPI Accession No. 86-011144/02 for Japanese 
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patent 63010693 discloses feeding by-product light oil containing olefins from 
a catalytic cracking unit to a thermal cracking furnace with prime olefins 
recovered in high purity. 

Heretofore the art has not recognized that cracking an olefin mixture 
over suitable catalysts followed by thermal cracking can result in significant 
increases in production of prime olefins without prior separation of 
components or removal of C 4 + materials from the feed stream. 

Summary of the Invention 

The present invention provides a process for improving the conversion 
of a hydrocarbon feedstock to light olefins comprising contacting the 
hydrocarbon feedstock with a light olefin producing cracking catalyst, 
preferably comprising a zeolite, in a catalyst contact zone followed by a 
catalyst-free thermal cracking step. The invention also allows one to alter the 
ratio of ethylene to propylene formed in the acid step. 

Detailed Description of the Invention 
Definitions 

"Light naphtha" means a hydrocarbon fraction that is predominantly C 5 
to C 7 hydrocarbons. 

"Virgin naphtha" means a hydrocarbon fraction obtained from crude oil 
or natural gas without additional conversion processing. 

"Cat naphtha" means a refinery distillate fraction obtained by catalytic 
cracking of a heavier hydrocarbon fraction. 

"BTX" means a mixture containing benzene, toluene, and xylenes. 
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"Light olefins" or "prime olefins" means ethylene, propylene or mixtures 
thereof. 

"Improved conversion" means producing an increase in production that 
is a greater light olefin yield within the precision of the measurement system 
over cracking the same feedstock under the same conditions with the same 
catalyst without a subsequent thermal cracking step. 

"Hydrocarbon feedstock" means a stream comprising one or more 
hydrocarbons to be broken into fragments by thermal, chemical or catalytic 
action, the fragments forming light olefins. 

Reaction Conditions and Catalysts 

Substantial amounts of ethylene and propylene are produced by 
cracking refinery or chemical feedstocks such as light cat naphtha (LCN) or 
light virgin naphtha (LVN) over catalysts; particularly zeolite containing 
catalysts such as those which contain ZSM-5. The present invention provides 
a method for enhancing ethylene and propylene yields which comprises 
contacting a hydrocarbon feedstock with an acidic zeolite catalyst followed by 
thermal cracking. Preferably the feed stream is LCN or LVN, but any catalyst 
crackable hydrocarbon stream may be used. 

Any cracking catalyst operable to selectively produce prime olefins 
may be used in combination with a thermal cracking step. Suitable zeolites 
for use as the cracking catalyst are typically the acid form of any of the 
naturally-occurring or synthetic crystalline zeolites, especially those having a 
silica to alumina molar ratio within the range of about 2.0:1 to 2000:1. By 
employing the simple bench test described below, one skilled in the art can 
determine quickly whether a catalyst displays improved conversion by staging 
catalytic with thermal conversion. 
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Examples of zeolites useful in the claimed process include gallium 
silicate, zeolite beta, zeolite rho, ZK5, titanosilicate, ferrosilicate; borosilicate 
zeolites; zeolites designated by the Linde Division of Union Carbide by the 
letters of X, Y, A, L (these zeolites are described in U.S. Pat. Nos. 2,882,244; 
3,130,007; 3,882,243; and 3,216,789, respectively); naturally occurring 
crystalline zeolites such as faujasite, chabazite, erionite, mazzite, mordenite, 
offretite, gmelinite, analcite, etc., and ZSM-5, as described in U.S. Pat. No. 
3,702,886. 

Particularly suitable catalysts are found among the medium and small 
pore zeolites. Such medium pore zeolites are considered to have a Constraint 
Index from about 1 to about 12. The method by which Constraint Index is 
determined is described fully in U.S. Pat. No. 4,016,218. Zeolites which 
conform to the specified values of Constraint Index for medium pore zeolites 
include ZSM-5, ZSM-11, ZSM-5/ZSM-1 1 intermediate, ZSM-12, ZSM-21, 
ZSM-22, ZSM-23, ZSM-35, ZSM-38, ZSM-48, ZSM-50, MCM-22 and zeolite 
beta which are described, for example, in U.S. Pat. Nos. 3,702,886 and Re. 
No. 29,949, 3,709,979, 3,832,449, 4,046,859, 4,556,447, 4,076,842, 
4,016,245, 4,229,424, 4,397,827, 4,954,325, 3,308,069, Re. 28,341 and EP 
127,399 to which reference is made for details of these catalysts. These 
zeolites may be produced with differing silica to alumina molar ratios ranging 
from 12:1 upwards. They have been, in fact, produced from reaction mixtures 
from which alumina is intentionally excluded, so as to produce materials 
having extremely high silica to alumina ratios which, in theory at least, may 
extend up to infinity. Preferred medium pore zeolites include ZSM-5, ZSM- 
11, ZSM-12, ZSM-35 and MCM-22. Particularly preferred is ZSM-5. Small 
pore zeolites, include such crystalline aluminosiiicate zeolites as erionite, 
chabazite, ferrierite, heulandite, phiilipsite, and such synthetic counterparts 



WO 98/56877 



PCT/US98/12000 



-7- 

thereof as zeolites A and ZK5, as described in U.S. Pat. Nos. 2,882,243 and 
3,247,195, respectively. 

Preferably zeolites having a silica to alumina ratio within the range of 
about 2.0:1 to 2000:1 more preferably, the zeolite catalyst is selected from the 
group consisting of faujasite, chabazite, erionite, mordenite, offretite, 
gmelinite, analcite, phillipsite, ZSM-5, ZSM-1 1 , ZSM-5/ZSM-1 1 intermediate, 
ZSM-12, ZSM-21, ZSM-22, ZSM-23, ZSM-35, ZSM-38, ZSM-48, ZSM-50, 
MCM-22, gallium silicate, zeolite beta, zeolite rho, ZK5, titanosilicate, 
ferrosilicate; borosilicate, and zeolites designated by the Linde Division of 
Union Carbide by the letters of X, Y, and A. An especially favored zeolite is 
ZSM-5. Preparation of suitable zeolite containing catalysts may be carried 
out as described in the preceding references or purchased from commercial 
suppliers well known to those skilled in the art. 

The catalytic cracking procedure can be carried out with any 
conventional equipment, which can be a fixed bed, moving bed, a fluidized 
bed, such as a riser or dense fluid bed system, or a stationary fluid bed 
system, and with typical refinery and chemical hydrocarbon feed streams. 
Preferably the catalyst is contacted at a temperature within the range of 
500°C to 750°C; more preferably in the range of 550°C to 725°C; most 
preferably in the range of 650°C to 720°C. Preferably the thermal step is 
carried out within the range of 650°C to 900°C; more preferably in the range 
of 680°C to 800°C; most preferably in the range of 700°C to 760°C. The 
process is preferably carried out at a weight hourly space velocity (WHSV) in 

the range of about 0.1 Hr 1 WHSV to about 100 Hr 1 WHSV, more preferably 

in the range of about 1 Hr 1 WHSV to about 50 Hr 1 WHSV, and most 

preferably in the range of about 10 Hr 1 WHSV to about 40 Hr 1 WHSV. In 
the thermal cracking step the residence time is maintained in the range of 0.1 
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to 20 seconds, preferably 1 to 10 seconds, and most preferably for 6 to 9 
seconds. 

Examples of hydrocarbon streams which may be used to obtain high 
yields of light olefins include ethane, propane, butane, Fischer-Tropsch 
liquids, butenes, butadiene, steam cracked naphtha, and coker naphtha. A 
preferred feedstock is light cat naphtha (LCN) or light virgin naphtha (LVN). 

The thermal cracking step may be conducted in the same vessel as 
the catalytic cracking by sizing the free board space volume above the 
catalyst bed appropriately to give the desired vapor residence time, if the 
thermal cracking step is to be carried out at the same or lower temperature as 
the catalytic cracking. Should it be necessary to carry out the thermal 
conversion step at a higher temperature than the catalytic cracking step, 
electrical firing or steam heat exchange can be used to elevate the reaction 
temperature. 

An alternative embodiment to a reaction within a single vessel is a 
plurality of reactors in series with the down stream operated to provide the 
desired thermal cracking conditions independent of the catalytic cracking 
conditions. 

Example 1 

A series of runs in a small bench reactor was conducted on hexane 

model compounds. A first run was conducted at 710°C, 36 Hr" 1 WHSV over 
a fixed bed of 0.6 g ZCAT40, a ZSM-5 zeolite catalyst commercially available 
from Intercat. Inc., of Sea Girt, New Jersey. Prior to the cracking tests, 
ZCAT40 was steamed with 100% steam at 704°C and 1 atmosphere for 16 
hours for the purpose of aging the catalyst. The yields of key products from 
this run are given in the first column of Table 1 . A blend of model compounds 
was created corresponding to the effluent from the catalytic cracking step 
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consisting of hydrogen, methane, ethylene, ethane, propylene, propane, 
butylenes, butane, hexane and benzene. This model compound blend was 
then subjected to thermal cracking at 710°C for 6.1 and 9.2 seconds. A third 
run treated the same model compound blend at 740°C for 5.9 seconds. In 
test runs, steam to hydrocarbon weight ratio was 0.33. The effluent stream 
was analyzed by on-line gas chromatography. A column having a length of 
60m packed with fused silica was used for the analysis. The GC used was a 
dual FID Hewlett-Packard Model 5880. 

The results are tabulated below: 

Table 1 

CATALYTIC + THERMALCRACKING AT 710°C 



Added Thermal Cracking 



Residence Time, seconds 


None 


6.1 


9.2 


Conversion, Wt% 


84.4 


89.6 


90.8 


Key Product Yields, Wt% 








Ethylene 


27.7 


30.7 


31.4 


Propylene 


23.9 


24.2 


23.3 


Aromatics 


2.7 


3.0 


3.9 


Light saturates 


21.3 


25.7 


26.7 



As shown in Table 1, when hexane model compound was cracked 
over ZCAT40 at 710°C and 36hr" 1 WHSV, conversion was 84.4 wt%, while 
ethylene and propylene yields were 27.7 wt% and 23.9 wt%, respectively. 
When the model compound blend representing the effluent from this acid 
cracking step was subjected to thermal cracking at 710°C for 6.1 up to 9.2 
seconds, ethylene yield increased to 30.7-31.4 wt% from 27.7 wt%, while 
propylene yield remained nearly constant at 23-24 wt%. 
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Table 2 

CATALYTIC + THERMALCRACKING AT 740°C 

Added Thermal Cracking 



Residence Time, seconds 


None 


6.1 


Conversion, Wt% 


84.4 


93.3 


Key Product Yields, Wt% 






Ethylene 


27.7 


33.7 


Propylene 


23.9 


23.5 


Aromatics 


2.7 


3.8 


Light saturates 


21.3 


28.3 



In Table 2, the model compound blend representing the effluent from 
acid cracking of hexane model compound at 710°C and 36hr" 1 WHSV was 
5 subject to thermal cracking at 740°C for 6.1 seconds. Ethylene yield 
increased to 33.7 wt % from 27.7 wt %. Once again, propylene yield was 
very stable, between 23-24 wt%. 
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Table 3 
Summary 



Case 


Catalytic + 


Catalytic 


Thermal 




Thermal 


Only 


Only 


Cat. cracking Temperature 


710.0 


710.0 


none 


WHSV based on Catalyst Hr. 1 


36.0 


24.0 


none 


Thermal Cracking Temperature, °C 


740.0 


none 


800.0 


TC Vapor Residence Time, Sec. 


6.1 


none 


0.9 


Conversion Wt. % 


93.3 


92.8 


91.4 


Key Results Wt. % 








Ethylene 


33.7 


30.6 


30.8 


Propylene 


23.5 


25.3 


18.0 


Aromatics 


3.8 


5.0 


7.8 


Light Saturates 


28.3 


25.9 


26.6 


Table 3 offers a comparison 


of catalytic plus thermal cracking wil 



straight catalytic cracking and straight thermal cracking at 91-93 wt% 
5 conversion. As can be seen from the table, catalytic plus thermal cracking 
resulted in 3 wt% more ethylene than straight catalytic cracking. Catalytic 
plus thermal cracking also compared favorably with straight thermal 
conversion. At 91-93 wt% conversion, propylene yield is 5-6 wt% higher with 
catalytic plus thermal cracking as compared to straight thermal cracking. 
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CLAIMS 

We claim: 

1 . A process for improving conversion of a hydrocarbon feedstock to light 
olefins comprising: 

first contacting the hydrocarbon feedstock with a light olefin- 
producing cracking catalyst; and 

subsequently thermally converting the unseparated stream to 
produce additional ethylene. 

2. In a process for producing ethylene and propylene in a catalytic 
cracking process wherein a hydrocarbon feedstock is contacted with 
an acidic zeolite cracking catalyst, the improvement which comprises 
providing a catalyst cracking zone and providing a thermal cracking 
zone downstream from the catalyst cracking zone 

3. The process of any of the preceding claims wherein the cracking 
catalyst comprises a zeolite. 

4. The process of any of the preceding claims wherein the cracking 
catalyst comprises a zeolite having a silica to alumina ratio within the 
range of about 2.0:1 to 2000:1 . 

5. The process of any of the preceding claims wherein the zeolite is 
selected from the group consisting of ferrierite, heulandite, mazzite, 
phillipsite, faujasite, chabazite, erionite, mordenite, offretite, gmelinite, 
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analcite, ZSM-5, ZSM-11, ZSM-5/ZSM-11 intermediate, ZSM-12, ZSM- 
21, ZSM-22, ZSM-23, ZSM-35, ZSM-38, ZSM-48, ZSM-50, MCM-22 
and zeolite beta, gallium silicate zeolite, zeolite rho, ZK5, titanosilicate, 
ferrosilicate; borosilicate zeolites; and zeolites designated by the Linde 
Division of Union Carbide by the letters of X, Y, and A. 

6. The process of claim 5 wherein the zeolite catalyst comprises ZSM-5. 

7. The process of any of the preceding claims wherein the catalyst is 
contacted at a temperature within the range of 500°C to 750°C and the 
feedstock flows at a weight hourly space velocity in the range of 0.1 

Hr" 1 to 100 Hr 1 and the thermal cracking step is carried out at a 
temperature within the range of 650°C to 900°C with a residence time 
of 0.1 to 20 seconds. 

8. The process of any of the preceding claims wherein the hydrocarbon 
feedstock is selected from the group consisting of Fischer-Tropsch 
liquid, ethane, propane, butane, butene, butadiene, steam cracked 
naphtha, coker naphtha, light cat naphtha and light virgin naphtha, 
kerosene, and gasoil. 

9. The process of any of the preceding claims wherein the catalyst is 
contacted at a temperature within the range of 550°C to 725°C. 
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1 0. The process of any of the preceding claims wherein the feedstock flow 
is in the range of 1 Hr 1 to 50 Hr 1 . 

1 1 . The process of any of the preceding claims wherein the catalyst is 
contacted at a temperature within the range in the range of 650°C to 
720°C. 

12. The process of any of the preceding claims wherein the feedstock flow 
is in the range of 10 Hr 1 to 40 Hr 1 . 

13. The process of any of the preceding claims wherein the thermal 
cracking step is carried out at a temperature within the range of 680°C 
to 800°C. 

14. The process of any of the preceding claims wherein the thermal 
cracking step is earned out with a residence time of 1 to 10 seconds. 



Ir. itlonal Application No 

PCT/US 98/12000 



A. CLASSIFICATION OF SUBJECT MATTER , 

IPC 6 C10G51/02 C07C4/02 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 C10G C07C 



Documentation searched other than minimumdocumerrtationto the extent that such documents are included In the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 0 Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



FR 2 140 515 A (TOPSOE HALDOR; FLUOR CORP) 

19 January 1973 

see the whole document 



DE 11 56 193 B (HERCULES POWDER COMPANY) 

24 October 1963 

see the whole document 

EP 0 395 345 A (ARCO CHEM TECH) 

31 October 1990 

see the whole document 

US 4 282 085 A (0'REAR DENNIS J ET AL) 

4 August 1981 

see the whole document 



1,2,7-14 
3-6 

1,2,7-14 

3-6 

3-6 



□ 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



0 Special categories of cited documents : 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing date 

"L" document which may throw doubts on priority ciaim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"0° document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance: the claimed invention 
cannot be considered novel or cannot be considered to 
involve an Inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed Invention 
cannot be considered to involve an Inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of theintemational search 



8 September 1998 



Date of mailing of the international search report 



15/09/1998 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL-2280HV Rijswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Authorized officer 



M1ch1els, P 



Form PCT/1SA/21 0 (aocond (heat) ( July 1992) 



INTERNATIONAL SEARCH REPORT 



Information on patent family members 



Int Jonal Application No 

PCT/US 98/12000 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



FR 2140515 



19-01-1973 



AU 


458546 


B 


07-02-1975 


AU 


4321672 


A 


13-12-1973 


CA 


982154 


A 


20-01-1976 


DE 


2227769 


A 


28-12-1972 


DK 


139264 


B 


22-01-1979 


GB 


1375226 


A 


27-11-1974 


NL 


7207750 


A 


12-12-1972 


US 


3766278 


A 


16-10-1973 


ZA 


7203905 


A 


28-03-1973 



DE 1156193 B 

EP 0395345 A 31-10-1990 



NONE 



US 


5043522 


A 


27- 


-08- 


■1991 


CA 


2015209 


A,C 


25- 


-10- 


•1990 


JP 


2779689 


B 


23- 


-07- 


■1998 


JP 


3027327 


A 


05- 


-02- 


1991 



US 4282085 A 04-08-1981 



US 


4171257 


A 


16-10- 


1979 


CA 


1132076 


A 


21-09- 


•1982 


DE 


2929412 


A 


30-04- 


1980 


FR 


2439813 


A 


23-05- 


•1980 


GB 


2034352 


A,B 


04-06- 


•1980 


NL 


7905721 


A 


25-04- 


•1980 


BE 


877772 


A 


16-11- 


•1979 


JP 


1291435 


C 


29-11- 


•1985 


JP 


55058288 


A 


30-04- 


1980 


JP 


58029991 


B 


25-06- 


1983 


ZA 


7903975 


A 


30-07- 


•1980 



